This experiment was performed to determine the ability of the coagulation performance of rambutan seed in comparison to alum for potential use in turbidity removal in water and wastewater treatment industry. Experiments were conducted to find the optimum operating conditions for coagulation process such as coagulant dosage and pH and also suitable extracting solvent for the active agent (distilled water, NaCl and NaOH). 1 M NaCl was found to be an effective solvent for extracting the active coagulant agent in rambutan seed and gave about 99 % turbidity removal. The optimum rambutan seed dosages and pH was 100 mg/l and pH 3, resulting in > 90% turbidity removal. In order to reduce dependency on alum, 50% alum and 50% rambutan seed as coagulant combination was used in the order of alum first followed by rambutan seed. The highest turbidity removal of 99% was achieved compared to when using alum (91%) and seed (88%) alone. Rambutan seed coagulant exhibited faster sedimentation time due to bigger flocs formation and also smaller sludge volume than alum. The results suggest potential of using rambutan biomass as biocoagulant.
Introduction
Coagulation which is a part of the water treatment process nowadays still depends on alum as the coagulation agent due the economical and the availability. Coagulation process is the first step to destabilize the particle's charge. Coagulants with charge opposites to those of the suspended particles are added to the water to neutralize the negative charges on dispersed on-settleable solids. The neutralization assists by high energy rapid mixing promotes particle collision and thus causes the small suspended particles to stick together. Although the exact method by which coagulation is accomplished cannot be determined, four mechanisms are thought to occur. These include ionic layer compression (Van der Waals bonding factor), adsorption and charge neutralization (theory of adsorption and charge neutralization), entrapment in a flocculent mass ("sticky" surface), and adsorption and interparticle bridging (metallic polymer) [1] Previous study has shown that the application of alum may be related with the Alzheimer disease [2; 3] . Using coagulant from other resources from a more biodegradable source like plant, animal and microorganisms has attracted interest in finding replacement for alum and also to reduce dependency on alum usage. Previous research shows some coagulant has been proven to be a good natural coagulant such as chitosan and seeds (Moringa Oleifera, jatropha curcas, sago starch and bean) [4; 5; 6; 7] . Normally in seed, one of the active components responsible for the coagulatve properties is the protein that exists within the seed [4; 8] .
Rambutan (Nephelium lappaceum, L) is one of the seasonal fruits grown in Malaysia. The rambutan canning industry is well-established in Thailand and canners in Malaysia are also producing canned rambutans in syrup [9] . The rambutan fruits are deseeded during processing and the seeds remain as a wasted by·product of the canning industry. The seed contains 34.1-34.6% moisture. The ash, protein, fat (petroleum ether extract) and crude fibre contents of the seeds on a dry weight basis were measured to be 2.6-2.9%, 11.9-14.1%, 37.1-38.9% and 2.8-6.6% respectively [10] . Table 1 provides a proximate analysis of different type rambutan seed. Apparently, no major studies have been done on using rambutan seed as coagulant in the water treatment. The combination between alum and natural coagulant are important to reduce the usage of alum and its effect on the water treatment. This study was conducted to investigate the effectiveness of using rambutan seed as a potential coagulant in reducing the water turbidity.
Materials and Methods

Preparation of coagulant agent from Rambutan seed
Rambutan was obtained from local market and deseeded. The skin of the seed was removed and good quality seeds were selected. The kernel was grounded to a fine powder (65-200 µm) using an electric blender (Model BL 333, Khind) and used in every experiment. To prepare the coagulant, 0.5g Rambutan Seed was blended with 100 mL of distilled water at room temperature for several minutes in order to extract the active ingredients of the rambutan seed. The resulting suspension was filtered through muslin cloth.
Preparation of kaolin synthetic wastewater
In this work, kaolin (R and M Chemicals, Essex, UK) was used as the model wastewater. Stock kaolin suspension was prepared by dissolving 10 g of kaolin in 1 L of distilled water at room temperature. The suspension was stirred slowly at 20 rpm for one hour in a jar apparatus for uniform dispersion of kaolin particles. The suspension was then allowed to stand for 24 hours to allow for complete hydration of the kaolin. This kaolin suspension was used as the stock solution for the preparation of water samples of varying turbidities for the coagulation tests.
Main coagulation experiments
The coagulation test was carried out using jar floc test (JLT 6 Velp Scientifica, Usmate, Italy). The study involved steps such as rapid mixing, slow mixing and sedimentation in a batch process. The duration and speed used during the above mentioned steps were based on previous coagulation procedures using other types of biocoagulants [1] . Several beakers were filled with 500 mL of synthetic wastewater and placed on to the floc illuminator and agitated simultaneously to ensure Advanced Materials Research Vol. 917 uniform mixing. During a rapid mixing period of 4 minutes at 100 rpm, the coagulant dosage of rambutan seed was added to each beaker of kaolin sample. Next, slow mixing at 40 rpm occurred for 25 minutes before the samples were left to sediment for 30 minutes. After the sedimentation, the samples were filtered using muslin cloth, and the supernatant was collected to measure the final turbidity using a Hach Turbidimeter Model 2100 N. In this work, the effect of several parameters, including pH, dosage, initial turbidity and blending time for extraction of active ingredients, on the coagulation process was investigated. All the experiments were repeated twice.
The performance was evaluated by measuring the turbidity, sludge volume and sedimentation time. The sludge volume was measured using Imhoff cones. The pH was obtained using a pH meter (Schott Instruments, Model Lab850), while the sedimentation time of the flocs formed was determined when most of them had settled at the bottom. The percentage of turbidity removal is given by the difference between initial and final turbidity over the initial turbidity, multiplied by 100.
Effect of pH
The effect of pH was studied by fixing the wastewater pH in the range from pH 1 to pH 12, and the coagulation test was performed at room temperature with an initial turbidity of 200 NTU and coagulant dosage of 100 mg/L. The pH was adjusted using 1 M NaOH (Systerm, Malaysia) and 1 M HCl (Systerm, Malaysia) solutions.
Effect of coagulant dosage
For studying the effect of coagulant dosage, the synthetic wastewater pH was fixed at pH 3 (found from previous experiments) with an initial turbidity of 200 NTU. Various doses of coagulant (2 mg/L to 120 mg/L) were added to several beakers of wastewater samples and rapidly mixed. The suspension was slowly mixed and finally left for sedimentation to occur.
Effect of different solvents for extraction of active components
Three different solvents; distilled water, NaCl and NaOH were used to extract the acrive components in the rambutan seeds by blending. The resulting suspension was later filtered to be used in subsequent coagulant steps. Concentration of NaCl used for extraction process was 1 M, 0.5 M, 0.1 M, and 0.05 M and while concentration of NaOH used was 0.1 M, 0.05M, 0.01 M and 0.005M.
Effect of initial turbidity of wastewater
The effect of the initial turbidity of the kaolin water samples was examined at the optimum dosage and pH found from previous experiments. The turbidity range studied was <100 NTU (low), 100-200 NTU (medium), 500 NTU (high) and 1000 NTU (Very high).
Effect of blending time for coagulant agent extraction
The effective blending time for active ingredient extraction was also investigated at pH 3 using 120 mg/L of rambutan seed coagulant. The blending time of the seed was 2-12 minutes and the initial turbidity of the kaolin solution was 200 NTU.
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Similar coagulation experiments were repeated using alum with dosages from 20 mg/L to 200 mg/L using optimum pH 6-7 obtained from previous study [5] .
3.0
Results and Discussion 3.1. Effect of pH (Distilled Water as the Solvent)
The pH of the each beaker was adjusted to the desired pH before the coagulation treatment took place using rambutan seed. During the experiments, big flocs was observed especially for conditions at pH 2-3. Smaller and fewer flocs were seen for other pH. As can be seen in Fig. 1 , the percentage of turbidity removal for pH 1 to 3 is more than 90% whereas at pH 4 to 12, there is a significant reduction in the coagulant performance (below 70%). This suggests that the coagulant agent in the rambutan seed works well under acidic condition especially below pH 3. 
Effect of Dosage (Distilled Water as Solvent)
The experiment was done to find the optimum dosage of RSE (rambutan seed powder dissolved in distilled water) in terms of the removal of the turbidity in the samples. A set of samples which varying from 2 mg/L to 120 mg/L was studied by using the rambutan seed powder dissolved in distilled water as the coagulant. The initial turbidity was used was 200 NTU while the pH used for all samples was pH 3. Fig. 2 shows that the percentage turbidity removal is increasing with the dosages until gradually it reached a plateau where further increase in dosage did not improve the removal rate. Dosage of 50 mg/l gave a maximum turbidity removal of 92%. Figure 3 shows the sedimentation time taken by both alum and RSE after the coagulation process. The sedimentation of flocs formed using rambutan seed was faster than that of flocs formed using alum owing to the former's bigger size. Furthermore, when the sludge volume was measured, the RSE produced a smaller amount compared with alum, for all range of dosages studied in this work (Figure 4 ). For this comparison, the wet sludge volume (ml sludge per litre of kaolin sample) at the bottom of the beakers was used. Since rambutan seed originates from plant material, its byproducts are organic and biodegradable and therefore promise a more environmentally friendly alternative to the other treatment process based on chemical coagulant. 
Effective Solvent for Extraction
Extraction process for the seeds can be done by using different types of solvent whether water, organic compound or by using salt solution. Water is by far the most popular choice due to its good polarity, availability and also not costly. The use of salt solution to extract protein is also widely used. Previous study has also reported that better turbidity removal can be achieved by using salt solution to extract the coagulant agent (protein) from the seed [7;5;11]. 5 shows by using water, the turbidity removal was 92%. Using NaCl as the extracting solution resulted in a higher turbidity removal of >95% at all concentration of 1 M, 0.5 M, 0.1 M, and 0.05 M. When using NaOH, the percentage turbidity removal was lower compared to NaCl and water. Furthermore, the percentage decreases as the NaOH concentration increases. Figure 6 . Percentage turbidity reduction for various initial turbidities at pH 3 using rambutan seed.
Effect of Initial Turbidity
Four category of synthetic wastewater of different initial turbidity was selected for this experiment which were at low turbidity level (<100 NTU; 81.5 NTU), medium level (200 NTU; 196 NTU), high level (500 NTU; 482 NTU) and very high level (1000 NTU; 830 NTU). The coagulant agent was extracted using NaCl, and the coagulation was performed at pH 3 using 100 mg/L rambutan seed. At all the initial turbidity range of studies, the percentage of turbidity removal was > 95 % (Fig. 6 ). This indicates the ability of the RSE to be used at a wide range of water conditions. 
Effect of Blending Time for Coagulant Agent Extraction
The blending time was varied between 2 and 15 minutes, and the pH of the wastewater in the beaker was fixed at pH 3 with initial turbidity of 200 NTU using 100 mg/L dosage. Figure 7 illustrates the percentage removal of turbidity against blending time. As the extraction time was increased, the percentage turbidity removal of the kaolin wastewater was increased until it reached a maximum at 8 minutes with a percentage turbidity removal of 92%. After 8 minutes extraction time, the percentage removal reduced slightly to 90%. Thus it is believed that 6-8 minutes is effectively sufficient to extract most of the active coagulant agent from the seed to the solvent. Longer extraction process may disrupt the coagulating agent and thus reduce its capability for turbidity removal [5] .
3.6 Determination of Alum and rambutan seed compostion when use together for coagulation.
The experiment was done in order to find the most suitable combination of the alum and RSE for the coagulation process. Five combination stage of 80/20, 60/40, 50/50, 40/60, 20/80 by the percentage of alum and rambutan seed extract in NaCl solution was used. Alum at 100% and RSE at 100% was used as the control. Optimum alum dosage from previous experiment (20 mg/l) was used for the combination. The initial water turbidity used was at 500 NTU. Mostly all combination of alum and rambutan seed extract studied in this work has successfully achieved a percentage turbidity removal of greater than 95%. Among all the combination used, the use of 50-50 and 40/60 of alum to rambutan seed extract resulted in a maximum turbidity removal (Fig. 8 ). The use of ratio of 40/60 alum to rambutan seed can help to reduce the dependency to alum and promote efforts for a greener and sustainable approach and yet still maintain high turbidity removal efficiency. The flocs also were observed to be bigger and thus sedimented faster than when using alum or rambutan seed alone. Figure 9 shows that using 50% Alum and 50% RSE achieved the maximum turbidity removal of 99% in comparison to percentage turbidity removal when using 100% alum and also 100% RSE. Figure 9 confirmed results in Figure 8 which indicated that using combination of RSE and alum has several advantages as mentioned in previous section. 
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4.0
Conclusions NaCl solvent was found to be suitable in extraction the active compound in the rambutan seed and gave a high turbidity removal. This is followed closely by water and NaOH. The optimum pH for coagulation using rambutan seed was at acidic pH (<3) and the optimum rambutan seed dosage was determined to 100 mg/L. The combination use of alum and rambutan seed at a dosage 40/60 and 50/50 provides a reasonably good turbidity removal and may help to reduce heavy dependency on the alum. Bigger flocs with faster sedimentation time were observed when using the combination of alum and rambutan seed coagulant compared to alum and seed alone.
